Recently, the steel cable used infrastructures are improved with progress in construction technology. In particular, the steel cable in long span bridges such as cable stayed bridges and suspension bridges are critical members which suspend dead load due to the main girders and bridge floor slabs. Damage at cable members can occur in the form of cross-sectional loss caused by corrosion and fracture, and it can lead structural failure due to concentrated stress of the cable.
INTRODUCTION
Recently, the steel cable used infrastructures are improved with progress in construction technology. In particular, the steel cable in long span bridges such as cable stayed bridges and suspension bridges are critical members which suspend dead load due to the main girders and bridge floor slabs. Damage at cable members can occur in the form of cross-sectional loss caused by corrosion and fracture, and it can lead structural failure due to concentrated stress of the cable. Therefore, nondestructive examination (NDE) for steel cables is necessary so that the cross-sectional loss can be detected. However it's difficult to monitor their condition because most of cables are located at inaccessible locations.
Fig. 1 The concept of cable climbing robot
To overcome this drawback, the cable climbing robot that can be approach to damage point has been developed [1] , as shown in figure 1. Hence the available NDE technique for the cable climbing robot has been researched widely also.
In this study, magnetic sensor to detect the loss of crosssection area was applied for incorporating the cable climbing robot. The magnetic sensors are widely used to monitor the structure including aircraft and ship, because of its excellent reliability and reproducibility. There are various kinds of magnetic sensors, and the optimal magnetic properties can be utilized according to kind of target structure. Recently the elasto-magnetic sensor (E/M sensor) that can estimate the tensile force of cable by measuring the permeability was developed [2] [3] [4] , and the researches about the usability of it have been performed.
In this study, the E/M sensor was applied to detect the Where △B and △H respectively signified the variation in induction and magnetic field, and μ 0 is the permeability of the free space. Fig. 3 The variation of magnetization hysteresis curve
THEORICAL BACKGROUNDS
The magnetic properties of ferromagnetic materials can be changed by stress [5] [6] [7] . This discovery began with the conception of magnetostriction, which indicates the magnetization of a magnetic material leads to shape variation. The magnetization is increased when tensile force was applied to ferromagnetic materials on magnetized condition. Therefore B-H hysteresis curve is changed as shown in figure 3 [8] . By using this property, the stress of steel cable can be monitor by capturing variation of relative permeability. In case of using the E/M sensor, the relative permeability is measured by equation (2) [9] .
Where r  is relative permeability,  tensile stress, T temperature, V out the integrated voltage with the rod in the solenoid, and V 0 is the integrated voltage without the rod in the solenoid.
Originally, E/M sensor was based on concept that the relative permeability is changed, as following the equation (2), when the stress is increasing.
Since the goal of this study is to monitor the decrease of cross-sectional area (A f ), the equation (2) was rewritten as equation (3).
The relative permeability of ferromagnetic materials was In the second experiment, output voltage values were measured at the points from a to k including the crosssectional change points 'c, f, i' while the sensor head moved at the same interval, as shown in figure 9.
Experimental results
First experiment was performed with changing input voltage and working point. Output voltage measurement was repeated 5 times at each condition, and its mean values were displayed in table 1 and figure 10. 
CONCLUSIONS
The E/M sensor based cross sectional damage detection technique for the steel cable health monitoring which can be incorporated into the cable climbing robot was proposed in this study. Experimental study was performed to verify the feasibility of the proposed technique, and it can be confirmed through following facts. Overall, these results demonstrate that the steel cable monitoring technique using the E/M sensors can be used effectively to detect the cross-sectional damage. This all-out support is greatly appreciated.
